Electronic properties of low dimensional superconductors are determined by manybody-effects. This physics has been studied traditionally with superconducting thin films, and in recent times with two-dimensional electron gases (2DEGs) at oxide interfaces. In this work, we show that a superconducting 2DEG can be generated by simply evaporating a thin layer of metallic Al under ultra-high vacuum on a SrTiO 3 crystal, whereby Al oxidizes into amorphous insulating alumina, doping the SrTiO 3 surface with oxygen vacancies. The superconducting critical temperature of the resulting 2DEG is found to be tunable with a gate voltage with a maximum value of 360 mK. A gate-induced switching between superconducting and resistive states is demonstrated. Compared to conventionally-used pulsed-laser deposition (PLD), our work simplifies to a large extent the process of fabricating oxide-based superconducting 2DEGs. It will make such systems accessible to a broad range of experimental techniques useful to understand low-dimensional phase transitions and complex many-body-phenomena in electronic systems. 
Introduction
Low dimensional conductors exhibiting superconductivity at sufficiently low temperatures are ideal platforms for studying a variety of physical phenomena like quantum phase transitions, competing orders and several types of many-body effects 1, 2 . Research in this area has been conducted mostly with thin films of superconductors 3, 4 . The recent discovery of superconductivity in two-dimensional electron gases (2DEGs) in oxide-based heterostructures 5 has enabled researchers to control the carrier density in the same sample with a gate voltage and observe the ensuing evolution of electronic properties. These 2DEGs display a 'superconducting dome' [6] [7] [8] [9] [10] [11] in the variation of critical temperature as a function of carrier density, reminiscent of the phase diagram of high temperature superconductor cuprate compounds 12 . Other findings include the signature of pairing states without superconductivity 13 and pseudogaplike features in the spectral density-of-states 14 . These results have projected these 2DEGs
as model systems to study complex many-body-effects and different aspects of electronic correlations in low dimensions.
Contrary to atomically thin crystalline solids [15] [16] [17] [18] which require an ionic liquid dielectric for gating of superconduting properties, oxide-based 2DEGs are compatible with a solidstate dielectric, making them easier to operate for reproducible features. The conventional method of fabricating an oxide-based superconducting 2DEG (with a solid-state dielectric for gating applications) requires depositing a capping layer of binary (e.g. Al 2 O 3 19 ) or tertiary (e.g. LaAlO 3 5,6 , LaTiO 3 20 ) oxide on SrTiO 3 surface using pulsed laser deposition (PLD).
Here we demonstrate a simpler and very accessible method of realizing a 2DEG with gateinduced resistive-to-superconductive switching and tunable critical temperature at the surface of SrTiO 3 , using just the thermal deposition of an aluminum layer on top of it 21 . In any SrTiO 3 -based heterostructure (the most studied example of this kind being LaAlO 3 /SrTiO 3 ), the conducting 2DEG is created on the SrTiO 3 -side of the interface, populating the bands arising from Ti 3d orbitals 22 . The role of the capping layer is to support the electrostatic environment for free electrons to be doped into the Ti 3d bands, either by the polar catastrophe mechanism 5, 6, 23 or by the maintenance of oxygen vacancies 11, [24] [25] [26] . The latter principle is used in our experiments. As reported by Rödel et al. 21 , evaporation of 0. the SrTiO 3 substrate, in turn getting oxidized to form a capping layer of insulating AlO x .
The oxygen vacancies at the surface of SrTiO 3 lead to the doping of conduction states arising from Ti 3d levels, resulting in a 2DEG. The typical carrier density that is then obtained is
Here we follow a similar principle for fabricating the samples. However, modifications from the parameters described in Ref. 21 are necessary for two main reasons. First, the typical carrier density of superconducting gate-tunable 2DEGs (realized by PLD) on SrTiO 3
5-11
is of the order of 2-5×10 13 cm −2 . Secondly, as we need to take our samples out of the vacuum chamber for transport measurements, a thicker layer of Al has to be deposited to prevent oxygen atoms of air from percolating through the capping layer and filling in the oxygen vacancies, hence destroying the 2DEG. The fabrication procedure was therefore adapted as follows. layer above the 2DEG. We measured the resistance of the bulk SrTiO 3 substrate across its thickness of 0.5 mm applying voltages in the range of -100 V to 100 V, and found it to be completely insulating within the limits of our apparatus.
Sample preparation

Determination of carrier density and mobility
The resistances of two samples, Dev1 and Dev2, were measured (without any applied gate voltage) down to 4 K ( of the charge carriers: the carrier density (n) and the mobility (µ). The variation of resistance, measured over a range of -9 T to +9 T in magnetic field (B), was decomposed into symmetric (R xx , even function of B) and anti-symmetric (R xy , odd function of B) parts to fit expressions for estimating n and µ. R xy is the Hall resistance, from which the carrier density is retrieved (n=−B/eR xy ). Fig. 2b shows the corresponding results. The mobility µ was determined ( Fig. 2c ) using the Drude-Boltzmann expression for resistivity ρ (at zero magnetic field): ρ = 1/enµ 28 . Both samples, Dev1 and Dev2, show a trend of reduction in n as the temperature is lowered (Fig. 2b) . A likely cause of the carrier freezeout is the localization of electrons in charge trap states at low temperatures 25, 29 . The typical carrier density observed in our samples at low temperatures (Fig. 2b ) is 2×10 13 cm −2 . This is similar to the carrier densities for which superconductivity has been observed in PLD-grown SrTiO 3 -based heterostructures [5] [6] [7] [8] [9] [10] [11] . This low carrier density makes the 2DEG suitable for gate voltage control.
Measurement of superconducting properties
Investigations of the transport properties of the AlO x /SrTiO 3 2DEG were carried out at lower temperatures on samples Dev2 and Dev3, using a dilution refrigerator with a base temperature of 40 mK. Fig. 3a shows the variation of resistance R as a function of temperature For magnetic field values exceeding 500 mT, the 2DEG starts to show an insulating behaviour (Fig. 3a) , when the resistance increases at lower temperatures (negative ∂R/∂T ).
As can be seen in Fig. 3b , there is a critical field value of 550 mT for which the resistance is constant at all temperatures below 360 mK. This is a signature of a magnetic fieldinduced superconductor-to-insulator quantum phase transition, as observed in several 2D It is therefore reasonable to assume that the 2DEG thickness in our samples is limited to a few nanometres, so that ξ > t and the 2DEG can be classified as a two-dimensional superconductor. To acquire this data set, the gate voltage was swept from positive to negative voltages. At every 10 V interval of V g , the resistance (R) was measured as a function of temperature (T ).
The maximum of T c occurs for V g =-30 V. The most famous systems showing the feature of a superconducting dome are the cuprate compounds 12 . However, before the cuprates were discovered, this feature had been found in bulk-doped crystals of SrTiO 3 (which are band insulators in the absence of doping), with the maximum T c being 450 mK. 36 The nature of the pairing interaction in this system still remains an unsettled question. For certain values of dc current (I dc ) in Fig. 4b , the system may reside either in the superconducting state or in a resistive state, depending upon the applied V g . This regime was further investigated by setting I dc at a constant value of 3.2 µA and continuously changing the gate voltage at a sweep rate of 240 mV/s. The resistance (Fig. 4c) and Dev2 in the main text were heated to 300
• C and maintained at that temperature for half-an-hour. In the case of Dev3, it was heated to 600
• C for 1 minute. Following this step, the temperature was allowed to reduce, and 2 nm of Al were evaporated (using a Knudsen cell at a rate of 0.002 nm/s) at a temperature higher than room temperature (200 • C for samples Dev1 and Dev3, and 100
• C for Dev2).
Samples Dev2 and Dev3 were measured in a dilution refrigerator and both were found to be superconducting. 
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Superconductivity in Dev2
The transport properties of Dev2 were characterized in a dilution refrigerator and the superconducting critical temperature was determined to be 400 mK. Fig. S5 shows the plots of the resistance as a function of temperature for different values of the magnetic field.
The critical temperature for this device (without any applied gate voltage) is higher than the maximum critical temperature observed in Dev3 (Fig. 4a of main text) . We speculate that there can be sample-to-sample variations of the maximum critical temperature due to effects like surface disorder and variations in oxygen vacancy concentration, which are not systematically controlled.
